Filtration, which is essentially a process of purification and is often thought of as an extremely simple operation, is really one of the more difficult steps in practical use as well as in its theoretical study (Dickey and Bryden, 1946; Orlicek, 1956) . Difficulties are greater when filters are to be used as a selective material for biological studies; thus, adsorption of biological components by filters has long been known, and a general review of the literature seems unnecessary here. Since viruses may also be adsorbed, methods of isolation other than filtration have been developed and are often found in new techniques. Nevertheless, filtration is still advisable and is recommended for some purposes. Experience demonstrates that it is especially required when the material is to be obtained in a pure state, free of contamination, and when activity of viruses can be affected by physical or chemical procedures. In spite of a decrease of infectivity of virus suspensions by adsorption of particles by filters, it may be considered that filtration does not affect the virus itself, if precautions are taken to avoid inactivation by other factors. In fact, a few particles of phage, for instance, passing through filters may give numerous progeny.
It is well known that retention or passage of virus through filters is a physicochemical phenomenon which depends on many variable and uncontrollable factors, not only on the size of the virus and filter pores (Mackie and McCartney, 1950; Merchant, 1950; Barzizza and Manso Soto, 1947) . According to Mudd (1928) , knowledge of the filters and of the material to be filtered is of great value, and some preliminary manipulations seem always necessary for filtering active agents. To prevent inactivation of the infective suspension, various precautions have been suggested. FIXor example, the maintenance of a correct ionic balance, particularly hydrogen ion concentration, is particularly important, suspensions should be adjusted according to the isoelectric point of the active material, and a filter with an appropriate charge should be used (Salle, 1954) . Thus, alkalinity (sometimes a strong negative charge imparted by pH values of 7.6 to 8 or as high as possible without inactivating the virus) has been recommended to isolate either plant, animal, or bacterial viruses through earthenware candles or Seitz EKI filtering Used as a general designation for asbestos pads. 239 pads (D 'Herelle, 1938; Bawden, 1943; Cook, 1947; van Rooyen and Rhodes, 1948; Fulton, 1950; Mackie and McCartney, 1950) . However, as noted by van Rooyen and Rhodes (1948) , the opposite opinion was expressed by Green and Eagles in 1927 when they found that pH did not seem to be important within the range 6.4 to 8.4. Proper use of other factors such as pressure, temperature, viscosity, properties of filters, and so forth, are also considered of importance to avoid adsorption, and again for this purpose, some substance may either be passed through the filter before the suspension or added to it during filtration. The use of clean filters is an obvious requirement.
Interest in filtration problems was taken several years ago while attempting phage isolation. After a study on 841 samples of sewage (using an average of 10 indicator bacterial strains per sample), it was found that asbestos pads were less efficient than porcelain candles or glass sintered plates (de Vicente Jordana, 1949; . Similar results were also considered, among others, by Conn and Dimmick (1946) , Pogorzelska (1952) , and Taranitini and Semeraro (1957) . Later, for several months, inconsistent results in the isolation of plant pathogen bacteriophages and other active agents showed that the same type of filter could adsorb widely different proportions of particles at different times. Then, special studies were developed using several filters and a method to measure adsorption. In a previous communication (de Vicente Jordana, 1958) , it has been said that results agree greatly with Mudd's recommendations (1928) . Adsorption seems not to be dependent on single factors, but several parameters should be considered before attempting filtration of phage. In some conditions, 100 per cent yield can be obtained, whereas, in others of careless routine or poverty of material (including the amount of infective suspension), absorption of particles may be total. As viruses might be considered in many aspects as a biological entity, these methods may be of general interest to select filters and conditions for their isolation. However, other problems peculiar to viruses may arise as in the case of properties of sap in the isolation of plant viruses (Bawden, 1950 Albrecht (1957) . Although this author has found that Seitz EK filters may give an important rate of adsorption when suspensions of virus were mixed with ox serum or concentrated broth (60 per cent yield for phage and 10 per cent yield for influenza virus), Flu (1946) Behavior of commercial media. It was also found, during general work, that some premanufactured media could affect the development of various bacterial strains, including B. polymyxa. Consequently, it was thought that premanufactured media might also affect phage development and therefore the media were always prepared with fresh material.
Preparation of the standard media. Accordingly, a nutrient broth (meat infusion, sugar-free) was used for the preparation of the phage stocks. Fresh meat (occasionally ox or horse hearts) was always used and sometimes 0.5 to 1 per cent yeast extract (Difco)3 was added to the medium.
To clarify and to obtain more constant conditions, the medium at its latest stage of preparation was adjusted to pH 8 to 8.2 and autoclaved for 10 min at 1.5 atm. The precipitate was removed by filtration and the clear liquid was again adjusted to pH 6.9. Exact amounts of 50 to 200 ml, as required, were placed in suitable conical flasks (Erlenmeyer type). After being plugged, the flasks were autoclaved for 15 min at 1.5 atm. When new precipitate was observed in the medium, the flasks were discarded.
From this medium, agar plates (1.8 per cent agar) were provided at the same pH 6.9. The plates were France.
slightly dried by leaving them open and inverted in an oven at 50 to 60 C.
Methods
Phage stocks. Each flask was inoculated with a 24 to 48 hr bacterial inoculum of the test organism and a certain amount of a suspension of its correlative bacteriophage. Since the original number of phage particles was to be compared with that in the filtrate by parallel titrations, no previous titer of the suspension was required and no exact amounts either of bacterial suspensions or of phages were required for the inoculum preparation. According to routine work, these amounts were calculated by sight (using previously titrated suspensions) to obtain between 107 to 1011 particles per ml after overnight incubation at 30 C.
Filtration. Results were obtained from Chamberland candles 5L3 and 5L5, glass sintered plates (Gallenkamp 5/34 and S. G. Jena G 5/3'), and Seitz EK asbestos pads. Since asbestos may differ in origin,6 results were recorded from three manufacturers: Filtros esterilizantes "EKA" S.A.7, Carlson "EK"' sterilizing asbestos filtering films, and Sl-sterilizing filter sheets.9
In the results, the three types of asbestos filters are referred to as C, B, and A, respectively.
4A. Gallenkamp & Co. Ltd., London, England. (Maximum pore size 1.6 to 1.8,A; avg pore size 1.3 to 1.5,u) 6 Glaswerk Schott & Gen., Jena, Germany. 6 According to Ladoo and Myers (1951) , the term "asbestos" is not the name of a distinct mineral, but is a commercial term applied to any mineral that can be readily separated into more or less flexible fibers. 7Eka S.A., Madrid, Spain. 8 John C. Carson, Ltd., Ashton-U-Lyne, England. 9 Republic Seitz Filter Corp., Newark, New Jersey.
A simple system of filtration was provided as seen in figure 1. Several types of metallic and glass pumps, as well as oil rotary pumps, were employed for vacuum requirements. Pressure was regulated by taps A and B, and measured by using self-made mercury manometers or by means of metallic manometers. For this reason, and because fluctuations of vacuum were sometimes difficult to avoid, measurements of pressure were indicative but of relative value.
Registered pipettes (mainly of Afora10 and Hoslab" trademarks) were used to measure the amount of suspension to be filtered. When required, two or three suspensions were mixed and rendered homogeneous before aliquots were separated for experiments. Exact amounts, between 10 to 50 ml of suspensions, were filtered. Sometimes fractional filtrations took place with the same filter and each successive filtrate was removed before another fraction was added to the filter. pH measurements. Before filtration, pH was controlled or adjusted to the required value. All pH measurements were potentiometrically determined using glass electrodes with a Torres Quevedo," Cambridge,'3 Marconi,14 or Beckman pH meter.'5 Sterile beakers were provided for each suspension and electrodes were slightly treated with alcohol each time, rinsed with sterile distilled water, and dried with sterile filter paper. the best coarse filters for withholding bacteria because, as stated before, these filters had shown a high titer of adsorption during previous experiments.
Different estimates on adsorption between filters. As a preliminary, a random number of four different types of filters in routine use were taken for parallel experiments. Ten ml of each suspension at a known pH were passed through one filter of each type using a water pump for vacuum. Pressure was not recorded. Results were conclusive that adsorption was negligible for glass sintered plates and Chamberland 5L3 candles, whereas Seitz pads adsorbed a great proportion of phage (figure 2). It was noticeable that pads of type C (3 cm diameter) were more efficient than those of type B (6 cm diameter). The latter gave no yield at the acid range of pH; and, at the alkaline range, a low number of particles were allowed to pass. Estimates using glass sintered plates and Chamberland 5L3 candles. The experiment was repeated for each type of filter, filtering 10 ml of the same suspension at various pH values. After the aliquot -controls had been removed, pH was adjusted and the 10 ml of suspension were transferred to filters each time. Again adsorption was negligible for glass sintered plates (figure 3) and for Chamberland 5L3 candles (figure 4). As seen in figure 4, adsorption seems to begin when candles become dirty. Candles cleaned by heating to white heat gave the best yield without differences at the various pH values used. After filtration of 150 ml of a bacterial 2. Importance of size of the pad. Yield was also influenced by the size of the pad. Figure 7 shows the difference on yield obtained with EK pads (types A and C) of 3 and 6 cm diameter, during parallel experiments for each type of pad, after filtration of suspensions at pH 6.9. Since greater yield was obtained with smaller pads, it was possible that yield was independent of the size of the pad, but directly proportional to the volume over an area; therefore adsorption could be regarded as dependent on the amount of liquid filtering through the same point.
3. According to the volume of suspension. As seen in figure 7 , yield of phage particles increased by augmenting the volume of suspension, using for filtration both sizes of pads; but, as can be seen in used. However, a stage of presaturation of filters seems to be required for particles passing through them. Fractional filtration showed that the first filtered aliquots gave higher titer of adsorption than the successive fractions (table 2) . It could be possible that the state of presaturation at the alkaline range of pH was reached after passing a first portion of 10 ml for which the filtrate gave some yield, whereas at the acid range, a greater amount of liquid was required before yield was obtained.
If the alkaline range of pH were the optimum for filtration with this type (B) of filter, it is possible that these facts related to the state of presaturation were due to the neutralization of charges either in correlation with the studies of Webb et at. (1944) or with the methods which recommend a pretreatment of filters. Special measurements of pH in filtrates agreed with the experiments of Webb et al. in showing that sometimes the collected liquid became more alkaline in reaction. Neutralization could also be due to the use of nutrient broth. Recently, Kanarek et al. (1958) found that a pretreatment of Seitz pads with Hartley's tryptic digest broth rendered filters completely nonadsorptive for poliovirus. They characterized the active principle as a polypeptide of high molecular weight.
The importance of volume per surface unit and of amino acids to favor filtration of poliovirus was considered by Lamy et al. (1957) . According to these authors, the maximal adsorption occurred in the first filtered fraction, whereas nearly the total amount of virus could be collected after filtration of 250 ml per cm2, using a medium rich in amino acids and containing Tween 8016 Nevertheless, it was found that pressure at which filtration was made was of great importance and, especially when small amounts of liquid or improper pH was used, careful manipulation was essential.
4. Effect of negative pressure. (a) Differences in adsorption according to the system of suction. Using the same type of Seitz EK pads as used for results shown 16 Atlas Powder Co., Wilmington, Delaware. To filter 10 ml of suspension at pH 6.8 using pads of type C, three experimental conditions were considered. For condition no. 1, filtration started from zero mm mercury; the increase of pressure until 250, 500, and 745 mm gave practically no yield. At experimental condition no. 2, adsorption was overcome to a considerable extent starting from a pressure of 550 mm which immediately rose to 630 mm. Better yields were also obtained with experimental condition no. 3: the suspension was left for a few min in contact with the filter before vacuum was applied and filtration followed until the last drop of foam came through the filter. It is clear that sometimes filtration could be completed before the required vacuum had been reached. Another observation in connection with pressure was made when it was found that vacuum inside the filter flask was not correlated, at times, to that of the manometer if the cotton-wool either in the side arm of the metallic holder or in the filter flask was much compressed (figure la and b).
(c) Importance of previous vacuum. Further studies on the effect of negative pressure on yield of phage particles after filtration through Seitz pads confirmed previous observations that yield could be increased when some previous vacuum had been produced in the system of suction at the starting point of filtration. Some of the most relevant findings obtained with Seitz pads (types A and C, 6 cm diameter) which may prove the importance of vacuum filtering 10 and 25 ml of suspension at pH 6.8 to 6.9 have been represented in figure 5 .
5. Estimates on maximal yield. Since the various factors studied were found equally important to overcome adsorption of phage particles by Seitz filters, a new experiment was performed in order to correlate the various circumstances which might modify the filtrable conditions of these particles. The family of curves obtained from calculation of results with Seitz pads (type A, 6 cm) and a pressure of about 650 mm mercury is shown in figure 6 . Taking the volume of suspension as the parameter and pH the free variable, it was found that a maximal yield of over 95 per cent particles was obtained with 50 ml suspension at pH 6.85, whereas total adsorption was obtained using 10 ml of suspension at pH 5.9.
At the same pH 6.85, a yield of log 1.55 (nearly 100 per cent particles concentration) was obtained with 45 ml and about 700 mm using pads of type C. It has frequently been observed that, when filtration takes place Kanarek et al. (1958) for filtration of poliovirus, and recommended by other authors, we think that the Seitz EK pads have some advantages over other types of filters to isolate bacteriophage and other active agents. However, for some purposes they offer several inconveniences.
In spite of the fact that some contaminations may occur during processes of filtration, experiments suggested that this procedure often saved more purity of suspensions than other system of isolation. After several hundred filtrations since 1946, incidence of contamination was much less than that obtained with other processes of purification. Adequate controls and further passages of suspensions through filters could ensure the accuracy of the results.
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